the rest of the population in that they grew more slowly even in the absence of methicillin. Pure cultures of the resistant minority were obtained readily but, on repeated transfer in the absence of methicillin, resistance was lost and the cultures reverted to mixed populations similar to the original naturally occurring strains. When methicillinsensitive staphylococci were repeatedly subcultured in the presence of methicillin, a mixed population was obtained in which only a minority of cells were resistant to the antibiotic; in this respect, the cultures of methicillin-resistant staphylococci selected in vitro resembled the naturally occurring strains. The original cultures of methicillin-resistant staphylococei comprised populations of cells with uniform sensitivity or insensitivity to other antibiotics. The resistance of these staphylococei to methicillin was not due to increased ability to inactivate the drug but to intrinsic insensitivity to methicillin.
At the time methicillin was introduced into clinical )ractice, naturally occurring strains of Staphylococcus aureus resistant to the drug had not been encountered in the course of extensive tests. Soon after, however, Jevons (1961) de- scribed three strains, of a total of 5,440 isolates tested, which showed increased resistance to methicillin. These strains showed no increased ability to destroy methicillin, but (id ldiffer from normal staphylococci in that the cultures comprise(l mi.ixed populations of cells with differing sensitivities to methicillin; the majority were sensitive to methicillin and a minority were highly resistant (Knox, 1961; Rolinson, 1961) .
Since the first report of methicillin-resistant staphylococci, further strains have also been encountered elsewhere (Barber, 1961; Barber and WTaterworth, 1962;  Chabbert and Baudens, 1962; Cetin and Ang, 1962; Stewart and Holt, 1963; Eriksen and Erichsen, 1963; Jevons, Coe, and Parker, 1963; Beck and Evans, 1963; Harding, 1963) , and, like the original strains isolated at Colindale, some of these strains have been reported to comprise cultures with a minority population of highly resistant cells (Barber, 1961;  Barber and Waterworth, 1962; Chabbert and Baudens, 1962; Harding, 1963) .
In contrast, other strains of naturally occurring methicillin-resistant staphylococci have been reported to differ from this pattern. For example, Stewart and Holt (1963) described methicillinresistant strains comprising cultures uniform in appearance, growth, and insensitivity to methicillin. Moreover, these strains were reported to be able to inactivate the penicillinase-stable penicillin, cloxacillin, to a greater extent than did normal strains of penicillinase-producing staphylococci. Eriksen and Erichsen (1963) also described strains of staphylococci capable of destroying methicillin.
The incidence of methicillin-resistant staphylococci would appear to be very low (Jevons et al., 1963) , but there is little doubt that such strains can, on occasion, cause serious infection which may not be controlled with methicillin (Stewart and Holt, 1963; Harding, 1963 (Jevons, 1961 (Harding, 1963) ; K. R. Eriksen of Copenhagen sent strains 5974 and 5982, which were described in the literature earlier (Eriksen and Erichsen, 1963 were employed, and inhibition of growth was measured after incubation at 37 C for 24 and 48 hr.
Wzith all strains, the growth of the light inoculum was inhibited after 24 hr by a concentration of 5 ,g/ml of methicillin, and most strains were inhibited by concentrations below this lev-el.
In the same test, the iIIC of methicillin aigainst a normal penicillinase-producing strain of staphylococcus (BRL 1089) was 1.25 pg/ml, so that under these conditions methicillin-resistant strains were only slightly more resistant to methicillin than were other staphylococci. After 48 hr with the light inoculum, the MIC values of these cultures Nere slightly higher, but all were Table 1 . With benzylpenicillin, the inoculum effect results from the destruction of the drug, which becomes greater as the inoculum size and incubation times are increased. With methicillin and the resistant strains used in this work, hoNvever, preliminary experiments showed that destruction of the drug was negligible. Since drug inactivation is not a factor in these experiments, the results shown in Table 1 suggest that these strains are mixed populations with respect to methicillin sensitivity, the majority of the population being of normal sensitivity but with a minority highly resistant. This interpretation is consistent with the effect of inoculum size and incubation period on the MIC. If the strains are mixed populations as suggested, a very small inoculum would contain primarily, or even entirely, sensitive organisms, and the MIC for methicillin would be low. Moreover, the MIC would not vary substantially as a result of further incubation. A very large inoculum, on the other hand, would be expected to include at least a certain number of cells of the resistant proportion.
Population analysis. The population composition of methicillin-resistant strains was determined as described in Materials and Methods, and typical results for one of the strains are shown in Table 2 . With an inoculum of 0.1 ml of a 10-6 dilution of an overnight broth culture, 30 colonies grew on the control plate after 24 hr; and approximately the same number also grew on agar containing methicillin at concentrations up to 5 ,ug/ml, but there was no growth at 5 jug/ml and over. Similar results were obtained with an inoculum of a 10 4dilution of broth culture. In this case, however, the colonies were too numerous to count but growth was uniform oni the plates containing less than 5 pg/ml of methicillin, whereas at 5 pjg/ml and over there was no growth. As the inoculum and therefore the number of organisms plated increased, resistant members became evident so that, with 0.1 ml of undiluted overnight culture, visible growth was present even after 24 hr at concentrations of methicillin as high as 50 pg/ml. However, growth on the plates containing from 12.5 to 50 ,Ag/ml of methicillin was not identical with growth on the control plates or on those containing low c9ncentrations of methicillin. At the higher concentrations of methicillin, the colonies were much less numerous and were very much smaller and less pigmented than normal. These resistant Although the highly resistant members of the strains shown in Table 3 are clearly a minority of the total culture, the basic population of these cultures does show a slight but distinct degree of resistance compared with tvpical penicillinaseproducing staphylococci. Results for the latter type of culture (BRL 1089) are shown in Table 3 ; the population was uniformly able to grow in a concentration of 2.5 /pg/ml of methicillin, but only 0.5 colonies per million were evident at concentrations of 5 Ag/ml. With the methicillinresistant strains, however, all except one culture contained at least 5 X 104 cells per million of the population capable of growth at 5 ,ug/ml. With these methicillin-resistant strains, therefore, the basic population itself would seem to be slightly more resistant to methicillin than are typical staphylococci, but this degree of resistance is only in the order of a single twofold dilution.
Characteristics of the highly methicillin-resistant members of the populations. Results are shown in Table 4 for the highly resistant members selected t Strains 13137R, 5974R, and 8054R were the highly resistant members isolated from cultures 13137, 5974, and 8054, respectively. from three methicillin-resistant cultures. Selection of these resistant members was carried out by picking off colonies growing after 48 hr on agar containing 500 ,g/ml of methicillin, and culturing these colonies overnight in antibioticfree broth. Volumes (0.1 ml) of suitable dilutions of these broth cultures were then used to inoculate agar plates containing graded concentrations of methicillin, in the manner of the experiment shown in Table 2 . The methicillin-resistant fraction isolated in this way gave rise to a uniformly resistant population, since a small inoculum resulted in approximately the same number of colonies on a plate containing 500 ,ug/ml as on the control drug-free plate. These resistant cells also grew at a slower rate, as was seen in the experiments with the original cultures. Similar observations were also reported by Barber (1961) . Growth was slow even on drug-free agar, resulting in rather small white colonies after 24 hr of incubation. In the case of the resistant fraction isolated from culture 13137, almost no growth at all could be detected after 24 hr. The presence of methicillin exerted an additional inhibitory effect so that colonies growing in high concentrations were nonpigmented and were smaller than those colonies growing at lower concentrations of methicillin. After 48 hr of incubation, growth was considerably heavier and colonies could be counted clearly, although again colony size became smaller as the concentration of methicillin increased. It is apparent, therefore, that this resistant minority is a clearly distinguishable fraction of the total population and that the extremely limited number of colonies growing on high concentrations of methicillin represents not the total population growing poorly but the distinct resistant members of a mixed population.
Stability of the methicillin-resistant fractions. The three cultures shown in Table 4 , representing the resistant fraction present in cultures 13137, 5974, and 8054, were subcultured in drug-free nutrient broth for six transfers, and the population analysis was again carried out by plating 0.1-ml amounts of undiluted broth cultures and 10-6 dilutions of broth cultures on agar containing graded concentrations of methicillin (Table 5) . After six transfers in the absence of methicillin, all three cultures had reverted to a mixed population similar to the original cultures from which the resistant fractions had been obtained, which is in agreement with findings reported by Barber (1962) . The proportion of resistant cells was still somewhat higher than that seen in the original cultures, but the majority of the population was sensitive as indicated by the results with the small inoculum, which showed colonies only at concentations of 5 Ag/ml and below. The resistant fraction still showed slower growth, whereas the sensitive members grew normally after only 24 hr Since the methicillin-resistant staphylococci used in this work appear to comprise cultures with mixed populations, of which the majority are sensitive to methicillin, a substantial fall in the viable count of such cultures might be expected in the presence of methicillin during the first few hours before the resistant fraction has been able to proliferate. Bactericidal activity of methicillin against different strains of staphylococci is shown in Fig. 1 to 4 . The strain shown in Fig. 1 was a typical penicillin-resistant, methicillin-sensitive strain, almost the entire population of which w-as sensitive to a concentration of 5 jig/ml of methicillin after 48 hr of incubation.
In this culture, therefore, resistant members were not detectable. In Fig. 2 and 3 ,uglml; /\, 2.5 Aglml; 0-, 5.0 izg/ml. population was capable of growth at a concentration of 5 Mg/ml, although again only a small minority was capable of growth at 12.5 mig/ml and above. As shown in Fig. 1, 2, and 3, over the first 7 hr, but a concentration of 2.5 ,g/ml or greater resulted in a kill of over 99% of the original population during this period. With further incubation up to 24 hr, little change took place and, although some growth did occur at 2.5 pg/ml, the viable count, even at 24 hr, was still below the initial figure. With the methicillin-resistant culture 5974 (Fig. 2) , considerable bactericidal activity again took place during the first 7 hr with relatively low levels of iimethicillin, but thereafter the highly resistant members grew; even at a concentration of 20 pg/ml, the viable count increased over 100-fold between 7 and 24 hr. A similar picture was also obtained with the other methicillin-resistant culture (8054), but in this case the basal population itself showed some degree of resistance; with 5 pg/ml only a diminished rate of increase in viable count was obtained. With 10 ug/ml, however, a kill of over 99% was again obtained in the first 7 hr, but thereafter the resistant variants proliferated; at 24 hr the viable count with 10 ,g/ml of methicillin was almost as high as in the control culture. As would be expected, a pure culture of a resistant fraction isolated from strain 8054 was not readily affected by methicillin, and no bactericidal activity was seen with concentrations of up to 40,g/ml of the drug (Fig. 4) .
Sensitivity of methicillin-resistant staphylococci to cloxacillin. MIC values of cloxacillin against certain methicillin-resistant cultures are shown in Table 6 . Even with a heavy inoculum, most of the cultures were inhibited by a concentration of 2.5 ,ug/ml of cloxacillin after 24 hr of incubation. The corresponding figures for methicillin were 12.5 to 25 ,ug/ml. This difference in activities is similar to that obtained with typical methicil- Table 7 . Graded concentrations of the antibiotics were prepared in agar in petri dishes, and the surface of the agar was inoculated. Again, two levels of inoculum were used, a large inoculum comprising one drop of an overnight broth culture, and a small inoculum consisting of one drop of a 10-5 dilution of the same broth culture. Growth was recorded after 24 and 48 hr of incubation. All the cultures appeared to consist of fairly uniform populations with respect to antibiotic sensitivity. This is indicated by the fact that the MIC values for the heavy inoculum were very similar to those obtained with the small inoculum. The strains also showed a rather similar spectrum of resistance. All the cultures were highly resistant to tetracycline and streptomycin; with MIC values generally of 250 jig/ml or over. All the strains also showed the same level of sensitivity to erythromycin, with MIC values of 2.5 mg/ml for a large inoculum and 0.5 ug/ml with a small inoculurn, the Oxford staphylococcus being inhibited in these tests at the same concentrations. With chloramphenicol, all strains except one were relatively sensitive, with MIC values of 5 pg/ml for a heavy inoculum after 24 hr of incubation. One of the methicillin-resistant staphylococci, however, was highly resistant to chloramphenicol, and required 50 to 125 gg/ml for inhibition. (StewN-art and Holt, 1963) , and culture 5974 was reported by Eriksen and Erichsen (1963) to inactivate methicillin.
After 48 hr of incubation, the penicillin concentration in each tube was estimated by assay with Sarcina lutea; a set of uninoculated serial dilutions incubated for the same period were used as standards. Some assay error is evident in this type of experiment, but the results (Table 9) indicate that the extent of inactivation of both methicillin and cloxacillin as very slight.
Cloxacillin is known to be less stable to staphylococcal penicillinase (Nayler et al., 1962) 
